INTRODUCTION
Marine ecologists have long recognized that nearshore habitats often support a high abundance of juvenile fishes and invertebrates, many of which utilize different habitats as adults (e.g. Gunter 1967 , Lenanton 1982 , Blaber et al. 1989 , Appeldoorn et al. 1997 , Nagelkerken et al. 2000b . These juvenile habitats tend to be found in shallow waters, and are assumed to have higher food abundance (Orth et al. 1984 , Nagelkerken et al. 2000a or lower predation risk (Shulman 1985) compared to adult habitats. Habitats that support high juvenile densities, and may contribute juveniles or sub-adults to adult popu-ABSTRACT: Much recent attention has been focused on juvenile fish and invertebrate habitat use, particularly defining and identifying marine nurseries. The most significant advancement in this area has been the development of a standardized framework for assessing the relative importance of juvenile habitats and classifying the most productive as nurseries. Within this framework, a marine nursery is defined as a juvenile habitat for a particular species that contributes a greater than average number of individuals to the adult population on a per-unit-area basis, as compared to other habitats used by juveniles. While the nursery definition and framework provides a powerful approach to identifying habitats for conservation and restoration efforts, it can omit habitats that have a small per-unit-area contribution to adult populations, but may be essential for sustaining adult populations. Here we build on the nursery concept by developing a framework for evaluating juvenile habitats based on their overall contribution to adult populations, and introduce the concept of Effective Juvenile Habitat (EJH) to refer to habitats that make a greater than average overall contribution to adult populations.
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Resale or republication not permitted without written consent of the publisher lations, have historically been referred to as nurseries (reviewed in Beck et al. 2001) . Until recently, however, the concept of marine nurseries was poorly defined and was used to refer to any general area (e.g. estuaries) or specific habitat type (e.g. seagrass beds) where juveniles of a species were present, or occurred in relatively high density (e.g. Nagelkerken et al. 2000b , Adams & Ebersole 2002 , Cocheret de la Morinière et al. 2002 . This broad use of the term nursery, with no criteria for evaluating the relative importance for supporting populations, limited its utility for researchers and managers and contributed to the failure of marine fisheries managers to give adequate consideration to the importance of juvenile production (and thus juvenile habitats) in management strategies (Beck et al. 2001 (Beck et al. , 2003 . Beck et al. (2001) provided a much needed refinement to the term 'nursery habitat' by defining it as a habitat for a particular species that contributes a greater than average number of individuals to the adult population on a per-unit-area basis in comparison to other habitats used by juveniles. In this article we refer to this definition of 'nursery'. According to this definition, not all habitats used by juveniles are nurseries, including some habitats that contain high densities of juveniles, because of their below average contribution to adult populations. Thus, whether a habitat is a nursery or not depends on its juvenile contribution function. The refined definition of nursery habitats by Beck et al. (2001) has greatly facilitated research and management of marine nurseries, has improved evaluation of the nursery value of marine habitats (e.g. Beck et al. 2003 , Sheridan & Hays 2003 , and has focused the use of techniques for assessing the juvenile contribution function of marine nurseries (e.g. Gillanders et al. 2003) , to improve management (Beck et al. 2003) .
The refined nursery definition was developed with a conservation framework in mind, and greatly improves our ability to evaluate juvenile habitat productivity for use in habitat conservation, restoration, and management decisions, where priorities must be set for limited resources (Beck et al. 2001 ). However, under some scenarios this definition excludes habitats that may be critical to sustaining adult populations. Moreover, despite their high per-unit-area contributions, some high quality but small habitats that meet the nursery habitat definition may actually contribute little to supporting adult populations. Here we expand on the Beck et al. (2001) nursery concept to provide a broader framework for evaluating juvenile habitats, with the goal of improving the ability of researchers and managers to identify and evaluate all habitats that are critical to sustaining populations of target species.
BUILDING ON THE NURSERY CONCEPT
Following the Beck et al. (2001) definition, only habitats that contribute the greatest number of individuals to the adult population on a per-unit-area basis are considered nurseries, regardless of the overall contribution that a juvenile habitat makes to the adult population. Habitats contributing fewer individuals per-unit-area, but perhaps contributing a majority of individuals to the adult population, are not considered nurseries. Consider a simple case where juveniles use 2 habitats, one of which covers 90% of a particular system and contributes 85% of the juveniles that enter the adult population, and one which comprises 10% of the system and contributes 15% of juveniles entering the adult population. In this case the second habitat would be classified as nursery habitat (per-unit-area contribution = 1.5) but not the first (per-unit-area contribution = 0.94), even though the first habitat contributes more than 5 times as many individuals to the adult population.
While the larger habitat in the preceding example falls outside the Beck et al. (2001) definition of a nursery, it is clearly important to maintaining the adult population. Such larger-area habitats that fall outside the nursery habitat definition, but contribute significantly to the adult population, must be considered of equal, or even greater, importance for supporting viable populations (necessary for sustainability of the species) than smaller habitats that meet the nursery criteria. Nonetheless, there is no terminology or conceptual framework for describing habitats making the greatest contribution to the adult population, or for assessing the relative importance of habitats based on their overall contribution to the adult population. Thus, such habitats are at risk of being classified as juvenile habitats of low importance by researchers and marine resource managers.
We propose the term Effective Juvenile Habitat (EJH) to describe juvenile habitats that, in terms of their overall contribution, are most important for maintaining adult populations. We define an EJH as a habitat for a particular species that contributes a greater proportion of individuals to the adult population than the mean level contributed by all habitats used by juveniles, regardless of area coverage. This definition is similar to that of nursery habitat used by Beck et al. (2001) with the key difference being that, for EJH, the contribution of individuals from juvenile habitats to the adult population is based on comparisons of the overall contribution that the habitat makes rather than the per-unit-area comparisons required for nursery habitats. Importantly, because comparisons are not being made on a per-unit-area basis, the areal coverages of habitats are not considered (nor need to be known) in the EJH classification scheme.
Evaluations of the importance of juvenile habitats using the 2 classification schemes can result in considerable differences. Consider a hypothetical situation in which a nearshore marine system encompasses 7 general habitats used by juveniles of a particular species (Table 1) . Research and habitat mapping provide estimates of the habitat-specific contribution of juveniles to the adult population of a particular species, as well as the area that each habitat type comprises (expressed as a percentage of the cumulative area of the 7 habitats). In this example, 3 habitats meet the criteria of nursery habitats and 3 are classified as EJH, while only patch reefs are classified as both EJH and nursery habitat. Because algae and artificial habitat each only represent 1% of the total area, their per-unit-area contribution to the adult population is above average (4.3% contribution/area), making them nursery habitats. However, algae and artificial habitats contribute only 10 and 5% of individuals to the adult population, respectively, and thus fail to meet the criteria of EJH (at least 14.3% contribution required in this example). In contrast, the overall contribution of seagrass and mangroves is above average (30 and 20%, respectively), in spite of their relatively low contribution on a per-unitarea basis, because they cover large areas. Thus, both seagrass and mangroves are EJH, but not nursery habitats. Management focused on protecting nursery habitats in this hypothetical example would result in protecting only 45% of the juvenile contribution to adult populations, whereas protecting all effective juvenile habitats would result in protection of 80% of the juvenile contribution to adult populations.
Empirical studies have shown similar results. For example, Kraus & Secor (2005) examined a simple 2-habitat system and measured the contribution that freshwater (3.3 km 2 ) and brackish (34.1 km 2 ) habitats made to Morone americana adult populations in the Patuxent River estuary (Maryland, USA) for normal year classes (8 yr total), for year classes that are dominant in the population (3 highest yr), and for all year classes examined pooled together. Their data showed that the total contribution of brackish habitats greatly exceeds that of freshwater habitats under all circumstances (Table 2) . Brackish habitats were also nursery habitats for dominant year classes. For normal year classes, however, freshwater rather than brackish habitats are considered nursery habitats, despite only contributing <15% of adults during those years. Clearly brackish habitats make the greatest contribution to sustaining adult populations, but would not be considered a nursery habitat during most years.
APPLICATION OF THE NURSERY AND EJH CONCEPTS
While assessments of EJH can use approaches similar to those used for assessing nursery habitats (Beck et al. 2001 ), a major advantage of the EJH classification 293 scheme is that the area of each juvenile habitat does not need to be measured when the contribution of each habitat to adult populations is assessed directly. As Beck et al. (2001 Beck et al. ( , 2003 and others (e.g. Gillanders et al. 2003, Adams et al. in press) assert, the most effective means of assessing the juvenile contribution of a habitat is to directly measure the movement of individuals from juvenile habitats to the adult population. The use of natural or artificial markers, which are unique to different juvenile habitats and are preserved as animals move to adult habitats, allows researchers to sample the adult population and identify the habitat type or area from which individuals originated (e.g. Gillanders & Kingsford 1996 , Yamashita et al. 2000 , Gillanders 2002 , Chittaro et al. 2004 , Kraus & Secor 2005 ; see review by Gillanders et al. 2003 for additional references). While this approach has been used to identify 'nurseries', the overall contribution to the adult population for each juvenile habitat is actually being measured and compared, so this approach provides a direct measure of EJH. Thus, using natural and artificial markers within the EJH approach allows a direct test of the null hypothesis that all habitats contribute equally to adult populations and will provide the ability to determine which habitats contribute more or less to the adult population. In contrast, using natural or artificial markers to identify the nursery value of juvenile habitats requires additional mapping of habitats to determine their area before calculating the per-unitarea contributions of juveniles that each habitat makes to the adult population. For many areas, particularly in developing countries, the additional effort of mapping habitats on relevant spatial scales may not be feasible due to the large amount of resources required. In such cases, the EJH evaluation not only provides an effective measure of the relative contribution of each juvenile habitat to adult populations, but also has the advantage of being easier to calculate than the nursery value of a habitat. As caveats, both the nursery classification proposed by Beck et al. (2001) and the EJH classification presented here are based on comparisons of habitatspecific values to an 'average of all habitats' value. In such cases, the 'average of all habitats' value will be a function of the number and type of habitats considered in the analysis. Thus, researchers and managers must carefully consider what habitats to include before proceeding with analysis, as the inclusion, exclusion, or sub-categorization of habitats (e.g. seagrass as 1 habitat vs. seagrass species A, B, and C as separate habitats) has the potential to affect the 'average of all habitats' value, and thus whether or not habitats are classified as EJH or nurseries. Additionally, it is important that, as with nursery habitats, habitat-specific contributions to adult populations for defining EJH are averaged over time (i.e. multiple years), so temporal variation in settlement, and coinciding differences in habitat use, are incorporated (Adams & Ebersole 2004 , Kraus & Secor 2005 .
In conclusion, we believe that the Beck et al. (2001) nursery definition and framework is a powerful approach for identifying high quality habitats for conservation, restoration and management. Because the nursery framework is aimed at identifying high quality areas, it is particularly important for prioritizing spatially explicit management (e.g. establishment of marine protected areas) or restoration, when costs or other factors limit the amount of area that can be protected. Nevertheless, because marine resource managers must ensure that adult populations are sustainable, there is a need for a framework that identifies the most important habitats for supporting adult populations. Like the nursery framework, EJH will facilitate the identification of habitats for conservation, restoration, and management, but identification of EJH will be particularly important to focus marine resource management (e.g. habitat protection and protecting juveniles from threats, such as capture as bycatch or water quality issues) on the areas that are most critical to the maintenance of target populations. Moreover, EJH can be more easily defined under data and funding constraints typically facing managers (e.g. lack of habitat mapping data or funds to acquire them). Thus, incorporating EJH into habitat assessments and management strategies will improve our ability to manage and conserve nearshore systems critical for supporting fisheries and providing other ecosystem services.
